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THERMALLY STABLE ALUMINA PARTICULATES 

Background of the Invention 

1. Field of the invention 

[00011 The present invention relates to alumina particulates, optionally stabilized 

by doping amounts of rare-earth elements, which retain a high specific surface area when 
exposed to elevated temperatures. More particularly, the invention relates to a process 
for preparing stabilized alumina. 

2. Prior art 

[0002] Transitional aluminas, in particular the y-modification, are extensively used 
as catalytic supports for automotive gas exhaust catalysts in internal combustion engines 
due to their high specific surface area. The activity of an alumina-supported catalyst 
depends on the specific surface area of the alumina. While supports of transitional 
aluminas, e.g. y-Al 2 0 3 , may be used with catalysts to effectively reduce nitrogen oxides 
and oxidize the carbon monoxide and hydrocarbons contained in gas exhaust, these 
supported catalysts are unstable when exposed to elevated temperatures, e.g. greater than 
about 800°C. Such elevated temperatures frequently arise in exhaust systems for a 
significant period of time as a result of fuel detonation in an engine. At temperatures 
above about 800°C, y-A1 2 0 3 rapidly undergoes a phase transition from y-A1 2 0 3 to the 
thermodynamically stable alpha phase with concomitant drastic decrease in specific 
surface area and loss of catalytic properties. Additionally this phase transformation is 
accompanied by sintering, i.e. a particle agglomeration process. 
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[0003] One solution to this problem of thermally unstable transitional alumina is 
described in U.S. Patent No. 3,867,3 12, incorporated herein by reference, which 
describes doping of transitional alumina with certain rare-earth oxides (particularly 
lanthania) to delay the undesirable phase transformation and prevent loss of surface area 
at elevated temperatures. Other dopants have also been used, including barium, cerium, 
other rare-earth elements, phosphorus, silicon compounds and others. Commercial 
doping of transitional alumina typically involves the use of La20 3 . 

[0004] Lanthanum doping can be performed by soaking A1 2 0 3 powder in an 

aqueous solution of a lanthanide salt such as La(N0 3 ) 3 , La(CH 3 COO) 3 or LaCl 3 . The 

lanthanide soaked alumina is subsequently dried at high temperature, e.g. about 600° C, 

followed by annealing. This method of lanthanum doping typically requires the use of 

about 3.0-3.5 mol% La to achieve a sufficient degree of stabilization. An industrial route 

involves the dissolution of pure metallic aluminum in hexanol, followed by hydrolysis 

and thermal treatments to obtain the desired alumina modification. Lanthanum 

compounds, which are typically used for stabilization, are expensive and add significantly 

to the cost of preparing stabilized alumina. Accordingly, a need remains for low cost 

stabilized alumina to reduce the cost of manufacturing catalytic converters. 

Summary of the Invention 
[0005] This need is met by the method of the present invention of preparing 

thermally stable alumina which retains a high specific surface area after calcination at 

high temperature and which is suitable, among other applications, for supporting 

automotive gas exhaust catalysts. The method of the present invention includes steps of 
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a) providing an aqueous solution of an aluminum salt, b) treating the aluminum solution 
with a hydroxyl group anion-exchanger to produce a composition comprising aluminum 
hydroxides at a preferred pH of about 6 to about 8, c) freeze-drying the aluminum 
hydroxide composition to produce an aluminum hydroxide powder and d) dehydrating the 
aluminum hydroxide powder to yield particulates of y-alumina. The aluminum salt 
preferably is aluminum nitrate in a 1 molar solution. Dehydration may be achieved by 
heating the aluminum hydroxide powder to about 600° C to about 800° C followed by a 
cooling step. 

[0006] The alumina produced according to the present invention may be further 

stabilized by including a salt of a lanthanide series element, preferably lanthanum in the 

form of La(N0 3 ) 3? in the aqueous solution. The molar ratio of aluminum to lanthanum in 

the aqueous solution preferably is about 0.0003 to about 0.03, more preferably about 

0.001 to about 0.003. At the more preferred ratio, the final concentration of lanthanum in 

the y-alumina is about 0. 1 to about 0.3 mol%. Transitional alumina produced according 

to the present invention retains a specific surface area following annealing at about 1000° 

C for about 3 hours of over 50 m 2 /g without lanthanum incorporated therein and up to at 

least 110 m 2 /g when lanthanum is included in the alumina particles. 

Brief Description of the Drawings 
[0007] A complete understanding of the invention will be obtained from the 

accompanying drawing figures wherein like reference characters identify like parts 

throughout. 

[0008] Fig.l is a flow chart of the steps of the method of the present invention; 
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[0009] Fig. 2 is a graph of X-ray diffraction data for stabilized undoped alumina 
produced according to the present invention; 

[0010] Fig. 3 is a graph of X-ray diffraction data for stabilized alumina doped with 
0. 1 mol% La 2 0 3 produced according to the present invention; and 

[0011] Fig. 4 is a graph of X-ray diffraction data for stabilized alumina doped with 

0.3 mol% La 2 0 3 produced according to the present invention. 

Description of the Preferred Embodiments 
[0012] The present invention includes thermally stable alumina having a high 

specific surface area, which is retained when exposed to elevated temperatures (i.e. above 

about 800° C), and methods of preparing the same. The stabilized alumina may contain a 

stabilizing amount of a dopant, preferably a lanthanide series element. The lanthanide 

series element preferably present in an oxide form, and more preferably is La20 3 . The 

concentration of the lanthanide series element in the stabilized alumina expressed as 

moles of a lanthanum metal oxide relative to the stabilized alumina ranges from about 

0.03 to about 3%, preferably from about 0. 1 to about 0.3%. Stabilized alumina of the 

present invention when annealed at 1000°C for 3 hours has a specific surface area, as 

measured by BET, preferably over 85 m 2 /g, more preferably over about 100 m 2 /g. 

[0013] As shown in the flow chart of Fig. 1, the present invention includes a 

method of preparing the stabilized transitional alumina of the present invention, either 

undoped or doped with lanthanum or another lanthanide series element. Hereinafter, the 

lanthanide series element is referred to as lanthanum, but this is only meant as one 

example of a suitable lanthanide series element. 
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[0014] In a first step 10, an aqueous solution of an aluminum salt is prepared. 
Suitable aluminum salts include A1(N0 3 ) 2 , Al(CH 3 COO) 3? and A1(C 2 0 4 ) 3 . The aqueous 
solution may contain a salt of a corresponding lanthanide series element, e.g. La(N0 3 ) 3 , 
La(CH 3 COO) 3 , or La 2 (C20 4 ) 3 . Nitrates of aluminum and lanthanum are preferred, 
although the corresponding counter-anions need not be necessarily the same for the 
aluminum salt and the lanthanide series salt. The concentration of the lanthanum series 
salt is chosen so that the molar ratio of aluminum to lanthanum in the aqueous solution is 
about 0.0003 to about 0.03, preferably about 0.001 to about 0.003. At these relative 
levels, the resulting amount of a lanthanide series oxide in the final alumina, as expressed 
by molar percentage, is about 0.03 to about 3%, preferably about 0.1 to about 0.3%. 

[0015] In step 20, the aqueous aluminum solution is subjected to a pH-controlled 

anion exchange treatment using a strong anion-exchanger in an OH" form. During anion 

exchange, the following process occurs: 

An(OH) n + A1(N0 3 ) 3 An(N0 3 ) n + Al(OH) 3 
where Al(OH) 3 represents various forms of aluminum hydroxide present in the form of 
colloidal particles. Hydrolysis results in the formation of the A1(H 2 0) 6 3+ cations, 
followed by several steps including condensation of primary particles followed by 
aggregation. The whole aggregation process can be represented as follows: 
Al(H 2 O) 6 3+ ^(Al(H 2 O) 6 3 0 2 ^...^(Al(H 2 O) 6 3 ^ 13 ^aggregate^ 
In the aggregation process, increasingly larger aggregates of hydrated alumina form, 
which eventually have "dead ends" which can no longer serve to aggregate the alumina. 
This process is not meant to be limiting as aggregates having over 13 alumina molecules 
may form or aggregates with less than 13 alumina molecules may form. 



5 



[0016] Contrary to conventional precipitation, anion exchange yields stable colloid 
solutions of aluminum hydroxides at concentrations of up to about 1.5 M substantially 
free of impurities. These colloidal systems are stable due to the decrease of ionic force of 
the solution during ion exchange. 

[0017] Anion exchange preferably is carried out either by pouring the solution of 
aluminum salt (with or without a salt of a lanthanide series element) through a standard 
ion-exchange column, or by successive addition of small portions of a strong ion- 
exchange resin to the solution, stirring for 5-15 minutes, and removing the ion-exchanger 
by a conventional liquid/solid separation technique, for example, by filtration. In the case 
of preparation of doped stabilized alumina, anion exchange also enables homogeneous 
doping of aluminum hydroxide by a lanthanum series element in the colloidal solution. 
Spent anion-exchanger can be recycled, for example in the case of an OH" anion 

exchanger, by treatment with a concentrated hydroxide solution such as a KOH solution 
followed by washing with distilled water to a neutral pH of about 6 to about 8. 

[0018] In step 30, the alumina colloidal aggregates are dried for use via fireeze- 
drying. Freeze-drying avoids the elevated temperatures and resulting loss of specific 
surface area associated with conventional thermal drying of alumina. Preferably, freeze- 
drying of the sol of alumina colloidal aggregates is performed by rapidly cooling the sol 
of aggregates yielding amorphous hydrated aluminum oxides followed by a heating step 
to dehydrate the aluminum oxides. 
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[0019] Preferably, the hydrated oxide sol is quickly frozen using a conventional 
freezing agent such as liquid nitrogen. The final temperature of the frozen hydrated oxide 
sol is less than about -30°C, preferably less than about -50°C. The freezing is preferably 
performed by spraying the solution into a freezing agent. Other freezing techniques may 
be used including block freezing. The frozen hydrated oxides are placed into a vacuum 
chamber, which allows for temperature control thereof, and the pressure is decreased to a 
desired level. Pressures of about 3 to about 5 Pa are preferable. The temperature of the 
hydrated oxides is gradually increased to a temperature of at least about 50°C for over 
about 6 hours, preferably for more than about 24 hours. The products of the freeze- 
drying are very friable powders of amorphous hydrated oxides having a density of about 
0.03 to about 0.1 g/cm 3 . 

[0020] Transitional alumina (y-alumina) is produced in step 40 by dehydrating the 
powders at a temperature of about 250 to about 800°C, preferably about 600 to about 
800°C for a sufficient period of time to remove adsorbed and chemically bonded water, 
for example, from about 2 to about 48 hours. The heating rate to the dehydration 
temperature preferably is less than about 5 degrees per minute, preferably about 1 degree 
per minute. 

[0021] Although the invention has been described generally above, the particular 
examples give additional illustration of the product and process steps typical of the 
present invention. 
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Examples 

Example 1 

[0022] AIM solution of A1(N0 3 ) 3 (500 ml) was prepared from reagent grade 
A1(N0 3 ) 3 *9H 2 0 and distilled water and was treated with small portions (about 3-5 grams 
each) of anion-exchanger Amberlite IRA-410 (Rohm & Haas Company). After each 
cycle of the treatment, the ion-exchange resin was separated out by filtering for 
regeneration and reuse. The anion exchange was carried out until the pH of the solution 
was about 6.0. No precipitation of Al(OH) 3 was observed. The resulting sol was sprayed 
into an aluminum tray containing a large excess of liquid nitrogen to achieve quick and 
uniform freezing. After evaporation of the excess of nitrogen, the cold tray was placed 
into a commercial freeze-dryer on a heating plate cooled to -50° C and dried under 
vacuum of 3-5 Pa by increasing the temperature of the heating plate from -50°C to 50°C 
for 24 hours. The resulting white friable powder was placed in a ceramic crucible and 
dehydrated at 500°C for 3 hours. 

Example 2 

[0023] The procedure of Example 1 was repeated, except that the aqueous solution 
contained 1 M A1(N0 3 ) 3 and 0.001 M La(N0 3 ) 3 to obtain 0. 1 mol. % (0.32 weight %) 
lanthanum oxide in the stabilized alumina final product. 

Example 3 

[0024] The procedure of Example 2 was repeated, except that the aqueous solution 
contained 1 M A1(N0 3 ) 3 and 0.003 M La(N0 3 ) 3 to obtain 0.3 mol% (1 weight %) 
lanthanum oxide in the stabilized alum ma final product. 
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[0025] The thermal stability of each of the powders produced in Examples 1-3 was 
tested by annealing the powders at 1000°C for 3 hours at a heating rate of l°C/min For 
each example, the presence of y-Al 2 0 3 and a-Al 2 0 3 (phase composition) was determined 
by x-ray diffraction (XRD) powder analysis, and the specific surface area was measured 
by BET as set forth in Table 1. The XRD data for Examples 1-3 appear in Figs. 2-4. 

Table 1 



Example 


mol% La 


Phase composition 


Specific surface 
area (m 2 /g) 


Pore size 
distribution (nm) 


1 


0 


Y-A1 2 0 3 with some 
CC-AI2O3 


72.7 


175, 300 


2 


0.1 


y-Al 2 0 3 with traces of 
a-Al 2 0 3 


88.3 


90 


3 


0.3 


Y-AI2O3 


110 


>50 



[0026] The data in Table 1 indicate that the method of the present invention 
produces stabilized y-alumina, which retains high specific surface area after annealing at 
1000°C for 3 hours. The stabilization of y-alumina is further improved and the pore size 
distribution is improved by doping with a lanthanide series element. 

[0027] A benefit of the present invention is an approximate 10-fold decrease in the 
amount of a lanthanide series element necessary for successful stabilization of y-alumina 
is achieved as compared to the previously described doping techniques. 

[0028] It will be readily appreciated by those skilled in the art that modifications 
may be made to the invention without departing from the concepts disclosed in the 
foregoing description. Such modifications are to be considered as included within the 
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following claims unless the claims, by their language, expressly state otherwise. 
Accordingly, the particular embodiments described in detail herein are illustrative only 
and are not limiting to the scope of the invention which is to be given the full breadth of 
the appended claims and any and all equivalents thereof. 
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